INTRODUCTION
eage of leukemia [8] . Moreover, determination of the lineage of leukemia via immunophenotypic, molecular, or cytogenetic analyses is a time-consuming process.
If the automated differential results vary according to the type of blasts, the CBC can provide us with valuable data to make provisional decisions about the lineage of leukemia. In this study, we assessed the patterns of blasts counted using 2 automated analyzers-the DxH 800 (Beckman Coulter, Miami, FL, USA) and the XE-2100 (Sysmex Co., Kobe, Japan)-and compared the results with manual differential counts.
MATERIALS AND METHODS

Specimens
Venous whole blood specimens treated with K3-EDTA were evaluated in this study. 
WBC Differential
The 5-part automated WBC differential was conducted using both the DxH 800 and the XE-2100 within 6 hr after blood collection. For the validation of the results from both the analyzers, 200-cell manual differential counts were obtained by 2 experienced technologists using the corresponding Wright-stained blood smears. The results were confirmed by a hematopathologist. The automated WBC differential counts were compared with the manual differential counts, and the cell type identifications of the blast populations made by the analyzers were determined. The different cell types were defined when the automated WBC differential count was over 10% higher than the manual differential count in a certain cell type.
Flagging of blasts
The DxH 800 system flagged the presence of blasts.
The blast flags were triggered when abnormal cells were detected in the blast region on the cytogram [10] , which is determined by volume and conductivity. In the DxH 800 system, the blast region is divided into 3 different regions: lymphoblasts (LYB), monoblasts (MOB), and myeloblasts (NEB). The XE-2100 system expressed suspicion for the presence of blasts or abnormal cells as Q-flag values (0-300 arbitrary units) [11] . Although the Q-flag setting recommended by the manufacturer is 100 for each parameter, we adjusted the blast and abnormal lymphocyte/lymphoblast Q-flag setting to 200 and 300, respectively, in order to ameliorate the risk of false positives.
Therefore, the flagging results from the XE-2100 system were not included in this study. The blast suspect flags generated by the DxH 800 apparatus were compared with the results of the manual differential count.
RESULTS
Automated differential count
The Leukemic promyelocytes of APL cases were counted as neutrophils in 60.0% (6/10) of the cases and as monocytes in 40.0% (4/10) of the cases. No distinct morphological differences between these 2 groups were noted.
The XE-2100 system generated no valid results in most of the cases of APL (8/10, 80%).
Blast flags of the DxH 800
The blast flags of lymphoblasts exhibited a distribution pattern similar to that of the automated differential count. In most of the cases of lymphoblasts (85.7%, 24/28), blast flags were generated, mainly as LYB (71.4%, 20/28).
The lymphoblasts in 2 of the 3 T-ALL cases were counted as lymphocytes without blast flags, and they exhibited low N/C ratios and coarse chromatin structures (Fig. 1) . Table 2 ).
The total incidence of MOB (58.3%, 14/24) was similar to the count proportion of MO from the automated differential counts (54.2%, 13/24). The leukemic promyelocytes from APL were flagged principally as NEB (50%, 5/10) and MOB (40%, 4/10). The incidence rates were similar to the count proportions of NE and MO from the automated differential counts (60.0% and 40.0%, respectively).
No blast flags were generated in 11 cases. Among the 11 cases, 5 generated variant lymphocyte flags, and 4 generated left-shift and immature granulocyte flags. In 2 cases, no abnormal WBC flags were generated ( Table   3 ). One of these cases had a low WBC count (2,099/mL) and a low blast percentage (19%), but the other had a high
Abbreviations: LYB, blasts in the lymphocyte region; NEB, blasts in the neutrophil region; MOB; blasts in the monocyte region; AMoL, acute monocytic or myelomonocytic leukemia; APL, acute promyelocytic leukemia. [15] . The actual sensitivity of blast detection would be expected to be lower than that reported in our study, because we selected only samples that contained 10% or more blasts.
However, we can conclude that the manual differential counts and the application of stringent slide review criteria remain essential whenever a hematologic disorder is suspected, even in cases in which blast flags are not generated.
Interestingly, 2 of the 3 cases of T-ALL in our study generated no blast flags. These 2 cases had high N/C ratios, coarse chromatin patterns, and were counted as lymphocytes. Further studies with more specimens will be necessary to determine whether the type of blast is related to the blast flag sensitivity, or simply related to their morphology. Our data show that differential WBC reports from automatic cell analyzers should be interpreted with great care, with extra attention paid to flags, because the majority of leukemic blasts may be counted as monocytosis, lymphocytosis, or neutrophilia.
In most cases, the results of the blast flags were consistent with those of the 5-part differential counts. In a few cases involving discordance, the 5-part differential results more accurately reflected the actual blast type in the final diagnosis. Many leukemic blasts, particularly myeloblasts, simultaneously generated different types of blast flags. We can conclude that blast flags are sufficient for reporting the presence of blasts but cannot be used to distinguish the accurate lineages of blasts. However, among the 92 cases that yielded MOB flags, only 1 case was ALL (Table 2) . Therefore, the blast suspect messages containing MOB flags could be helpful to exclude ALL before slide review.
In conclusion, 5-part differential cell types of the blasts determined by the automated analyzers are characteristic of the different blast types. Although the presence of blasts can be almost completely detected by assessing the flags and conducting strict manual reviews of the slides, the diagnosis of leukemia is still delayed because of the decision regarding lineage. In the XE-2100, the 5-part differential result of abnormal cell populations may not be generated. However in the DxH 800, the 5-part differential of the abnormal blasts can be generated regardless of flags, and it may prove helpful in the differential diagnosis of acute leukemias prior to additional investigation. For more accurate distinctions of lineages, further analysis will be necessary to determine the differences in cell population data between normal cells and leukemic blasts.
